A by the AS fractions, we used a mutant Aurora A in ity at the mitotic spindle and may explain why loss which Asp281, the Mg/ATP-interacting catalytic residue, of TPX2 in model systems perturbs spindle assembly had been mutated to Ala. This enzyme has no detectable [14-16]. Our finding that a known binding protein, and activity, but is still a substrate for protein kinases such as not a conventional protein kinase, is the relevant acti-PKA ( Figure 1F) . Surprisingly, the activity in the 0%-20% vator for Aurora A suggests a biochemical model in fraction did not phosphorylate kinase-dead Aurora A, in which the dynamic localization of TPX2 on mitotic contrast to what would be expected if it were an activatstructures directly modulates the activity of Aurora A ing protein kinase, although it readily stimulated phosfor spindle assembly.
, CAMKII, or Cdc2/cyclin B (MPF), phosAurora A in vitro. This concerted mechanism of stimuphorylated and activated Aurora A in vitro (data not lation of activation and inhibition of deactivation imshown). To further investigate the activation of Aurora plies that TPX2 is the likely regulator of Aurora A activ-A by the AS fractions, we used a mutant Aurora A in ity at the mitotic spindle and may explain why loss which Asp281, the Mg/ATP-interacting catalytic residue, of TPX2 in model systems perturbs spindle assembly had been mutated to Ala. This enzyme has no detectable [14-16]. Our finding that a known binding protein, and activity, but is still a substrate for protein kinases such as not a conventional protein kinase, is the relevant acti-PKA ( Figure 1F) . Surprisingly, the activity in the 0%-20% vator for Aurora A suggests a biochemical model in fraction did not phosphorylate kinase-dead Aurora A, in which the dynamic localization of TPX2 on mitotic contrast to what would be expected if it were an activatstructures directly modulates the activity of Aurora A ing protein kinase, although it readily stimulated phosfor spindle assembly.
phorylation of the inactivated wild-type enzyme ( Figure  1E ). This finding suggested that the partially purified Results and Discussion activator mediates Aurora A activation by inducing its autophosphorylation and autoactivation. The activating TPX2 is regulated by the small GTPase Ran during spin-T loop residue Thr 295, which becomes phosphorylated dle assembly in mitotic Xenopus egg extracts [14] and when the activator is incubated with Aurora A (Figure  plays a To characterize the Aurora A activator further, the TPX2 and Aurora A could be an important prerequisite 0%-20% ammonium sulfate fraction was purified by four chromatographic steps, culminating in anion exchange chromatography on Mono Q (Figure 2A ). Activity eluted *Correspondence: jim.maller@uchsc.edu which exhibits significant activity toward the substrate of TPX2 in the assay decreased the degree of activation of Aurora A. Importantly, histone H3 was not phosphoryhistone H3 ( Figure 3A, lane 1) . Remarkably, preincubation of TPX2 with recombinant Aurora A led to a marked lated by the bacterial preparation in the absence of Aurora A ( Figure 3A, lane 7) , and Aurora A activation was increase in the histone H3 activity of the kinase. Indeed, a molar excess of TPX2 further activated the enzyme totally ATP dependent (data not shown). Moreover, Asp281Ala or Thr295Val mutants of Aurora A were not approximately 7-fold ( Figure 3A, lane 3) . This effect was dose dependent, because decreasing the concentration phosphorylated or activated by TPX2, indicating that TPX2 stimulates Aurora A activity by increasing automore slowly migrating band contained the majority of the incorporated phosphate, indicating that the mobility phosphorylation at Thr 295 (see Figure S1A in the Supplemental Data available with this article online).
shift was due to phosphorylation ( Figure 3B ). These data demonstrate that TPX2 is able to reactivate deactivated The activator purified from Xenopus eggs appears to be TPX2 ( Figure 2C substrate for Aurora A as full-length TPX2, whereas the C-terminal fragment, which does not bind to Aurora A also led to marked phosphorylation of TPX2 ( Figure 3B) , and strikingly, omitting the histone H3 substrate from
[12], was neither a substrate nor an activator for Aurora A (data not shown). These findings conclusively demonthe assay augmented TPX2 phosphorylation, indicating that histone H3 and TPX2 are able to compete for Aurora strate that the amino terminus of TPX2 is sufficient to both bind and activate Aurora A. A binding (compare lanes 2 and 4 in Figure 3B ). Interestingly, phosphorylated TPX2 migrated with a decreased
The finding that Aurora A and TPX2 interact positively to produce Aurora A activation prompted us to test electrophoretic mobility on 12% Anderson gels, and the H3 (Figure 4) . This was demonstrated by first incubating the active Aurora lation by one or more "upstream" kinase kinases [24] . Recently, Ge and colleagues proposed that the stress-A with TPX2 or BSA for 10 min, followed by the addition of PP1␥. After 30 min, okadaic acid was added, and activated MAPK p38␣ is regulated by a similar mechanism to that described here [25] . TAB1, a scaffolding Aurora A activity was assayed by using histone H3 (and TPX2) as substrate in a separate assay. The ability of protein in the p38␣ signaling pathway, was shown to bind directly to p38␣ and stimulate autophosphorylation TPX2 to protect Aurora A from dephosphorylation by PP1␥ was also evidenced by the high level of Aurora and autoactivation, eliminating the requirement for an activating kinase kinase. In contrast, previous studies A-mediated phosphorylation of TPX2 (Figure 4) . Interestingly, the N-terminal, but not the C-terminal, half of TPX2 had shown that p38␣ activation absolutely required the dual specificity kinases MKK3 and MKK6 [24] . Aurora could also protect Aurora A from dephosphorylation by PP1␥ (data not shown). TPX2 appears to have the unique A fits this model in that activation can be achieved either by TPX2-stimulated autophosphorylation or by direct ability to directly prevent PP1␥ from inactivating Aurora A, because phosphorylation of Thr 295 was maintained phosphorylation by conventional protein kinases such as PKA ( Figure 1F, [21] ). It is likely that enhancement before and after PP1␥ treatment only when TPX2 was present (Figure 4) 
